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Mosaic processing of SAR images by ERS 1/2 AMI revealed the detailed topography within a large valley
(middle Slessor Glacier) in Coats Land, East Antarctica, showing oval and feather-shaped features that correspond
to precipitous cliffs and accumulated crevasses, respectively. Time-series analysis of SAR intensity images
acquired on six dates within the period October 1991 to August 2000 revealed the following topographic changes
over time: (1) the feather-shaped feature moved down the slope at a rate of about 100 m/year; and (2) the extent of
crevasse areas increased with time, both at the northern end of the feather-shaped feature and at the northeastern
tip of the oval feature, with the increasing rates being much larger in the case of the feather-shaped feature. High
increase ratios were generally correlated with a rapid increase in wintertime temperature within a short period
of about 2 weeks: the relationship was approximated by an exponential function. Furthermore, we interpreted
that the occurrence of a fault in the subglacial topography may have led to the initiation of ice fractures and a
subsequent concentration of crevasses at the end of the feather-shaped feature.
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1. Introduction
As noted in the fourth report of the Intergovernmental
Panel on Climate Change (Solomon et al., 2007), the accu-
rate evaluation of anthropogenic effects on global climate
change and related phenomena are important to ensure sus-
tainable social development. Temporal change in glacier
topography is one such phenomenon. Therefore, it is in-
creasingly important to develop a comprehensive under-
standing of the interaction between global climate change
and change in glaciers, including topography, melting, frac-
turing, and flow in polar regions.
An effective tool in gaining such an understanding is
satellite remote sensing that provides periodic and syn-
chronous Earth observations, particularly the SAR (syn-
thetic aperture radar) microwave system, as it has the ad-
vantage over optical sensor systems of observing capability
in both the daytime and nighttime and in any weather. This
superiority of SAR has been demonstrated in many appli-
cations that involve interferometric and coherence tracking
techniques using satellite SAR signal data to detect flow
pattern and velocity in glaciers of Antarctica and the Arctic,
e.g. Goldstein et al. (1993), Gray et al. (2001) and Joughin
et al. (2004). Such interferometric techniques are useful
only when glacier motion between two acquisition dates is
relatively small, and the coherence of the image pair is high
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enough to obtain an interferogram. However, interferomet-
ric techniques are not applicable in the case of large-scale,
discontinuous change in glacier form (e.g. the generation
and propagation of a crevasse, and abrupt changes in glacier
topography) and for a data pair with a long time interval.
Crevasse development might be related to global climate
change. Knowledge of the generation pattern of crevasses
may help in understanding the mechanism of glacier motion
and in estimating the magnitude and direction of the driving
force (gravitational force) behind such motion.
In the present study, we used SAR intensity images,
among other data, to clarify in detail the long-term tem-
poral changes in crevasse development in the middle part
of the northern tributary of the Slessor Glacier, Coats Land,
East Antarctica. This study area was chosen because it is a
suitable setting in which to investigate the phenomena that
occur in the upper stream of a large glacier with a relatively
low flow velocity.
2. Data Processing and Topographic Features
2.1 Study area
Coats Land (20–40◦W, 75–80◦S), East Antarctica, is
bounded by the Filchner Ice Shelf to the west and the Wed-
dell Sea to the north. The present study area (Fig. 1) is sit-
uated in the middle of the northern tributary of the Slessor
Glacier, 20 km east of the Theron Mountains. In a pre-
vious study, based on airborne magnetic data and radio-
echo soundings, the main subglacial geologic units beneath
the northern tributary of the Slessor Glacier were inferred
to include a Precambrian block (bedrock in this region),
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Fig. 1. Location of the study area in Coats Land, East Antarctica. The study area is situated in the middle of the northern tributary of the Slessor
Glacier, 20 km east of the Theron Mountains. Data for the RADARSAT mosaic images (a) and (b) are from the National Snow and Ice Data Center
(http://nsidc.org/data/radarsat/ramp basics/basics.html). (b) Enlargement of the area shown by the rectangle in (a). (c) ERS-1/2 SAR image of the
study area, as outlined by the rectangle in (b).
Fig. 2. Composite image of 89 scenes of ERS-1/2 SAR (covering an area of 616 × 281 km), showing the two bright curves in the lower middle of the
image and the traces of ice flow at the downstream foot of the oval feature and at the feather-shaped feature to the west.
Jurassic dykes and sills, and a younger sedimentary basin
(Shepherd et al., 2006). The results of forward and in-
verse magnetic modeling undertaken by these authors sug-
gest that the Slessor Glacier is underlain by a 3-km-thick
sedimentary layer deposited in a bedrock depression. Of
note, several magnetic lineaments are oriented obliquely to
the topographic troughs that contain the northern, central,
and southern tributaries of the Slessor Glacier; these linea-
ments were interpreted to represent faults.
Marsh (1985) identified many lineaments in the Theron
Mountains area based on satellite imagery using near-
infrared Ladsat MSS (Multispectral Scanner) and NOAA
(National Oceanic and Atmospheric Administration) im-
ages, and proposed that (1) the region is a mosaic of
segments bounded by faults, (2) lineaments oriented sub-
parallel to the escarpment and major valleys of the Theron
Mountains may indicate the presence of fractures associated
with Mesozoic rifting along the Weddell Sea and Filchner
Ice Shelf, and (3) discontinuities in the ice surface topogra-
phy may be related to bedrock scarps and discontinuities in
the upper surface of bedrock.
The most conspicuous topographic feature of the glacier
surface in the study area is an oval feature that is 60 km
along its long axis (NE–SW) and 30 km along its short axis
(NW–SE), as shown in Fig. 1(c). Marsh (1985) inferred that
this topography was formed in response to discontinuities in
bedrock elevation and a dissected scarp, and that most of the
flow of the glacier passes around it.
2.2 SAR data
To analyze crevasse development, we selected 89 scenes
of ERS-1/2 AMI (European Remote-Sensing Satellites 1/2
Active Microwave Instrument) data around the study area,
as acquired at Syowa Station (69.0◦S, 39.5◦E) from October
1991 to June 2000. As the first step of analysis, the region
including the oval feature was represented by a compos-
ite SAR intensity image covering an area of 616 × 281 km
(Fig. 2). This image was produced by a GIS technique that
involved mosaicing, geometrical correction, and brightness
adjustment by selecting tie points in the neighboring im-
ages. We sought to identify crevasses in detail from the
mosaic image, which emphasizes the crevasse distribution,
rather than from extensive imagery from the satellite Argon
photographs (Kim et al., 2007) and from the RADARSAT
Antarctic Mapping Project (RAMP; e.g. Jezek, 2008).
The image brightness is proportional to backscatter in-
tensity: bright pixels correspond to rough glacial surface,
whereas dark pixels indicate smooth surface. Rough glacial
surface includes thinning of the top snow layer, sastrugi for-
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Fig. 3. Multilook detected SAR intensity images acquired on six different dates (see Table 1), highlighting the oval and feather-shaped features.
mation, crevasses, and scarps. Among them, we interpreted
crevasses as continuous, systematic bright patterns that are
linear or gently curved and are distributed parallel to each
other. The patterns are at the order of kilometers in length.
The two bright curves in the lower middle of the image
(Fig. 2) may represent large ridges or scarps rather than
crevasses, as they seem to be located in highlands and small,
continuous features cross the curves at right angles. Traces
of ice flow are evident at the downstream foot of the oval
feature and at the feather-shaped feature to the west. Such
a combination of two peculiar topographies (the oval and
feather-shaped features) has not been reported from other
areas of Antarctica. SAR is suitable to analyze these fea-
tures in detail. Accordingly, we focus on these features
with the aim of understanding the origin and development
of crevasses in the upper stream of a glacier.
Among the 89 considered scenes, the 10 scenes (6 acqui-
sition dates) listed in Table 1 were used for crevasse anal-
ysis. In the case that the oval and feather-shaped features
extended over two scenes, they were mosaiced into a single
scene. The resulting six scenes were co-registered into a
common coordinate system (Fig. 3), yielding MLD (mul-
tilook detected) intensity images generated from the raw
SAR signal data with a spatial resolution of 12.5 m/pixel.
It is difficult to clearly distinguish the oval and feather-
shaped features from optical-sensor satellite images, even
under fine weather conditions. Figure 4 shows two exam-
ples of optical-sensor satellite images without cloud cover:
a mosaic of two Terra/ASTER scenes (Fig. 4(a)) obtained
on 7 January 2006 (path 172, row 320 and path 169, row
322) and one scene of Landsat ETM+ (Fig. 4(b)) obtained
on 11 January 2000 (path 169, row 117). Both features are
seen in visible to near-infrared color composite images as-
signed data of the three shortest wavelength bands (blue,
green, and red; inset in each figure). The two features and
flow traces are ambiguous on the ASTER image, but are
Table 1. Specifications of ERS-1/2 SAR data used for crevasse analysis.
D and A represent descending and ascending orbit mode, respectively.
appeared weakly on the ETM+ image. It is evident from
Figs. 2 and 3 that topographic relief is more clearly visi-
ble in the SAR images than in the ETM+ image. Optical-
sensor images represent the reflectance of surface materi-
als for the sun’s illumination at selected wavelength. The
above unclearness is caused probably by similarity of the
reflectances of the features to those of the surroundings, al-
though their topographic reliefs are different largely.
Image-to-image cross-correlation has been applied pre-
viously to pairs of optical sensor images to automatically
track crevasses in mapping the velocity field of glacier mo-
tion and deformation (Scambos et al., 1992; Whillans and
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Fig. 4. Optical sensor images of the study area. (a) A mosaic of two Terra/ASTER scenes obtained on 7 January 2006 (path 172, row 320 and path 169,
row 322). (b) A Landsat ETM+ scene captured on 11 January 2000 (path 169, row 117). Using these imaging techniques, the oval and feather-shaped
features are only evident under fine weather conditions. The features are appeared in visible to near-infrared color composite images in which the
three shortest-wavelength band data are assigned to RGB.
Fig. 5. SAR intensity image overlaid upon a digital elevation model (DEM) with a 400-m mesh, as compiled by the RADARSAT Antarctic Mapping
Project (Liu et al., 2001).
Tseng, 1995). However, the crevasses were subtle on opti-
cal sensor images and data obtained under fine conditions
are limited. The cross-correlation technique is unsuitable in
the present case; consequently, the use of SAR image data
is most effective in detecting temporal changes in crevasses,
including their generation, opening, propagation, and dis-
placement.
2.3 Topographic characterization
A digital elevation model (DEM; 400-m mesh) compiled
by RAMP (Liu et al., 2001) shows that the study area is
located on a slope that dips 0.4◦ to the southwest (Fig. 5).
Flow traces are directed from the bottom of the oval and
feather-shaped features are located toward a large valley
that corresponds to the central part of the Slessor Glacier.
To extract more detailed topographic features, a DEM of
the study area was generated based on the Interferometric
SAR (InSAR) technique, using an ERS-1 image pair (path
269, row 438) at the ascending mode; the images were
acquired 3 days apart (7 and 10 December 1991) with a
146 m perpendicular baseline. We processed all combi-
nations of the available ERS-1/2 data and JERS-1, but an
interferogram was obtained over the study area only with
the above-mentioned pair. Figure 6(a) shows an interfero-
gram after flattening, which removes the fringe that origi-
nates from the difference in orbits of the two images. The
interferogram includes information on topography and its
changes between the acquisition dates; however, the lat-
ter effect is negligible as the acquisition interval is short (3
days). Therefore, the interferogram can be used to generate
a DEM by phase unwrapping and to clarify the details of
topography.
Figure 6(b) shows the resulting DEM, including oblique
views from the southwest (bottom panel) and northeast (top
panel). Because there is no ground control point in the study
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Fig. 6. Interferometric SAR based on an ERS-1 image pair (path 269, row 438) at the ascending mode with an acquisition interval of 3 days (7 and 10
December 1991) and a 146 m perpendicular baseline. (a) Interferogram after flattening, which removes the fringes that originate from differences in
orbits between the two images. (b) Resulting DEM and perspective views. (c) Superposition of a SAR intensity image onto the DEM. Elevation in
the DEM is shown as relative values from a certain phase.
area, elevation in the DEM is relative to a certain phase, but
is roughly scaled to the RAMP DEM. According to Liu et
al. (2001), the vertical accuracy of the RAMP DEM ranges
from ±7.5 m for the gently sloping interior of the ice sheet
to ±100 m over rugged mountainous areas. The vertical ac-
curacy of the DEM in Fig. 6(b) is unknown, but the height
differences (150–500 m) in the following discussions ex-
ceed the largest error in the RAMP DEM. Consequently,
topographic features can be detected from our DEM. Three
remarkable topographic features are apparent: (1) the oval
feature is surrounded by a steep scarp of about 500 m in
height in the west and 300 m in the east; (2) the surface of
the oval feature is flat (relief of only 150 m), and dips gen-
tly to the southwest along its long axis; and (3) the feather-
shaped feature is in a deep valley flanked by high scarps on
both sides. Superposition of a SAR intensity image on the
DEM reveals that the high backscatter from the rim of the
oval feature originates from the scarp, and that the feather-
shaped feature is located from the western scarp to the cen-
tral part of the valley (Fig. 6(c)). In addition, the tip of the
feather-shaped feature corresponds with the northern mar-
gin of the trough within the valley which is shown by the
northern boundary of bluish colors.
3. Temporal Changes in Crevasse Area
3.1 Location of the zone of concentrated crevasses
Zones of concentrated crevasses are observed at the
northeastern tip of the oval feature and at the northern end
of the feather-shaped feature. Figure 7 compares three SAR
intensity images obtained in October 1991 (bottom left),
January 1997 (bottom center), and March 2000 (bottom
right). From 1991 to 1997, the end zone of the feather-
shaped feature became larger (see the yellow oval in the fig-
ure). Several large crevasses are newly formed (over 450 m
in width and 15 km in length) in the March 2000; and new
crevasses appeared to connect the existing crevasses in a
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Fig. 7. SAR intensity images obtained in October 1991, January 1997, and March 2000. An enlargement of the end zone of the feather-shaped feature
(dashed circle) shows the formation and propagation of new crevasses as white areas in the images (see also the yellow oval and polygon in the
enlargement of the March 2000 image). Blue marks indicate the widths of new crevasses.
Fig. 8. Movement of crevasses observed from an overlay of the co-registered oldest (October 1991) and most recent (August 2000) images. (a)
Displacement at the end of the feather-shaped feature is 900 m toward the southwest. (b) Change in the location of crevasses at the tip of the oval
feature, indicating that the spacing between crevasses may have increased. The direction of movement is also shown on a DEM with a 400-m mesh
(see also the right side of Fig. 5).
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Fig. 9. Examples of histograms of DN (digital number) values that comprise a SAR intensity image.
form resembling bridges (yellow oval in the enlargement of
the March 2000 scene). Whitening of the tips of crevasses
indicates an increase in surface roughness, which is caused
by new fracturing and development of the crevasses or snow
conditions such as deposition of new snow layers on the sur-
face. The new fracturing is more probable than the other
phenomena, because the others can cause the whitening
over the crevasses not only on the tips.
In addition to crevasse generation and extension, crevasse
motion can be observed from an overlay of the co-registered
oldest (October 1991) and most recently obtained (August
2000) images (Fig. 8(a)). The error of co-registration was
set to be smaller than one pixel (12.5 m). The overlay in-
dicates 900 m of movement toward the southwest, toward
the valley bottom as shown by the black arrow in the fig-
ure. Considering the time interval between the two im-
ages (8 years and 9.5 months), the average velocity for
this period is 103 ± 1 m/year, consistent with the ice sur-
face velocity around the study area determined by a com-
bination of InSAR-derived velocities and balance velocities
(Shepherd et al., 2006). Consequently, the feather-shaped
feature was found to flow, accompanied by the generation
and extension of crevasses. Matching between descending-
and ascending-mode images was insufficient for measuring
velocity in other image pairs listed in Table 1.
Figure 8(b) shows temporal changes in crevasse patterns
located at the tip of the oval feature, as assessed over the
longest time interval. The crevasse motion is less clear
than that in the feather-shaped feature; however, it appears
that the spacing between crevasses has increased as shown
by the opening of two arrows in Fig. 8(b), possibly due to
subsidence at the tip of the feature.
3.2 Binarization for extracting crevasses
To clarify the nature of temporal change in the areal ex-
tent of crevasses, they were extracted by binarization, which
is an established image-processing technique used to divide
the original image into target and background. Figure 9
shows two histograms of DN (digital number) values that
comprise a SAR intensity image of the study area in Fig. 8.
Because there exists no bimodality in the frequency that can
be used as a basis to separate target (crevasse) from back-
ground (non-crevasse), the definition of a suitable threshold
DN value (to separate target from background) is the most
important task in performing the binarization. We used two
methods in this regard: a manual definition that searches
for a suitable threshold by repeatedly changing the thresh-
old and evaluating the result at each step, and the automatic
definition developed by Otsu (1980), which determines the
threshold such that the sum of variances in two classes is
minimized and the variance between the classes is maxi-
mized.
Figure 10 compares the results of manual and automatic
methods for the image obtained in October 1991. Enlarge-
ments of the analyzed areas reveal that thin crevasses can
be distinguished in the images obtained using the manual
method, whereas such crevasses remain clouded in the im-
ages obtained using the automatic method. Although the
automatic method is less time consuming, it is less effec-
tive when applied to complicated targets such as crevasses,
which are thin, closely spaced, and show variable DN val-
ues according to the degree of surface roughness. Conse-
quently, we chose the manual method to calculate tempo-
ral changes in crevasse area. It is evident that the extent of
crevasse areas has increased with time, at both the end of the
feather-shaped feature (black dots) and the tip of the oval
feature (white diamonds), although the rates of increase are
different: the rate is 3.6 times greater on the average over
the period at the feather-shaped feature (Fig. 11(a)). Be-
cause of differences in sensitivity to the tension along the
direction of movement shown in Fig. 8, the crevasses at the
feather-shaped feature are likely to open and move more
easily than those at the oval feature, resulting in large in-
crease rates.
4. Discussion
4.1 Meteorological factor related to temporal in-
creases in crevasse area
The increase rates for crevasse area are variable over time
(bold lines in Fig. 11(a)). To explain this variability, we
examined its relationship with air temperature at 3-hour in-
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Fig. 10. Comparison of manual and automatic methods of determining the threshold value in the binarization of a SAR intensity image (December
1991), focusing on crevasses (a) at the end of the feather-shaped feature and (b) at the tip of the oval feature.
tervals (◦C) recorded at Neumeyer Station (70.6◦S, 8.3◦W;
see Fig. 1(a)). Neumeyer Station is the closest station to the
present study area that continuously observes surface syn-
optic data, and monthly average air temperature (thin solid
line in Fig. 11(a)) may be a proxy of regional-scale climatic
(or environmental) change.
In Fig. 11(a), monthly average temperatures are superim-
posed on data regarding the size of crevasse areas. Tempo-
ral changes in crevasse areas at the feather-shaped feature
are characterized by a slight increase from October 1991 to
August 1994, a large increase until January 1997, a gen-
tle increase thereafter, and finally the next large increase
from March to August of 2000. There appears to be no
correlation between monthly mean air temperature and the
observed increase in crevasse area. Therefore, we exam-
ined additional details of temperature change. Figure 11(b)
shows temporal changes in temperature (3-hour interval
data) during 1996 and 1997 at Neumeyer Station. For
both years, the annual trend in temperature describes a con-
vex shape, although with large fluctuations. Of note, once
the minimum wintertime temperature has been attained, it
shows a rapid increase to a local maximum within about
2 weeks of the minimum. To clearly show this tempera-
ture jump, we smoothed the temperature data. The smooth-
ing intensity is approximately equal to a 1-week moving
average. The smoothed data (red lines in Fig. 11(b)) are
superposed onto the original data. We focus on the tem-
perature difference between the wintertime minimum and
the following local maximum, which we define as T
(Fig. 11(b)).
To quantitatively assess the effect of T on the observed
increase in crevasse area, we calculated the increase in
crevasse area between consecutive images, S, and exam-
ined its relation to T . Table 2 lists the five examined SAR
data pairs and their acquisition dates. In the case that the pe-
riod between acquisition dates for a pair includes the mini-
mum temperature for the year, the largest T is chosen for
the pair. For example, pair 3 (acquisition dates of 21 Au-
gust 1994 and 31 January 1997) includes three T s (those
for 1994, 1995, and 1996). Because the T in 1996 was
the largest among them, it is used to correlate with the S
of pair 3. The same procedure was applied to pairs 2 and
5, to which the T s for 1992 and 1997 were assigned, re-
spectively. For pairs 1 and 5, whose intervals are less than
1 year, T was selected as the largest 2-week increase in
temperature after 21 October 1991 (pair 1) and the largest
2-week increase in temperature in 2000, between the acqui-
sition dates (pair 5).
Figure 12 shows the relationship between S and T
for the oval and feather-shaped features, which show nega-
tive and positive correlations, respectively. Because S is
much larger in the case of the feather-shaped feature, we fo-
cus on this feature rather than the oval feature. Despite the
limited number of data points, the relationship can be ap-
proximated by an exponential function. The sensitivity of
the crevasse area to temperature, which is approximated as
S divided by T , is roughly estimated to be 0.4 km2/◦C
for T less than 17◦C, and 4 km2/◦C for T higher than
17◦C. Crevasse generation and extension are controlled
by the change in stress field, in particular increase of ten-
sile stress near the glacier surface, not by the change in air
temperature. Therefore, T cannot be related directly to
a factor that accelerates crevasse generation and extension.
Figure 12 is merely an observation fact. However, crevasse
depth is usually limited to 30 m, and surface air tempera-
ture variation reaches a skin depth of about the same depth
K. KOIKE et al.: TEMPORAL CHANGES IN CREVASSES IN COATS LAND THROUGH SAR DATA ANALYSIS 265
Fig. 11. (a) Temporal changes in crevasse area at the feather-shaped (black dots) and oval (white diamonds) features. The crevasses were extracted
using the manual thresholding method in binarization of the SAR image. The patterns of change are compared with monthly mean air temperature
(◦C) recorded at Neumeyer Station. (b) Temperature data (black lines, collected at 3-hour intervals) for 1996 and 1997 at Neumeyer Station and
smoothed data (red lines, 1-week moving average). The magnitude of the increase in temperature from the wintertime minimum to a local maximum
within about 2 weeks is defined as T .
Table 2. Acquisition dates for SAR data and years selected in defining T
for the five analyzed data pairs. For pairs 2, 3, and 4, we selected the
largest T among the years covered by the acquisition dates. For pairs
1 and 5, whose acquisition intervals were less than 1 year, we selected as
T the largest 2-week increase in temperature after 21 Oct. 1991 (pair
1) and the largest 2-week increase in temperature in 2000, between the
acquisition dates (pair 5).
(30 m), where mechanical properties of ice may respond
sensitively to such temperature change. There might be a
possibility that the change in stress field is connected with
T at the feather-shaped features due to high sensitivity to
tensile stress and movability of glacier flow. Detailed future
works are indispensable to confirm this possibility.
4.2 Genesis of oval and feather-shaped features
The Theron Mountains are located in the Karoo-Ferrar
magmatic province that is the most voluminous igneous
province over 4,000 km in length, associated with the break-
up of Gondwana (Leat et al., 2006). Although of markedly
different topographic scale, the map-view shape of the oval
feature is similar to that of the Theron Mountains (see
Fig. 1(b)). Analysis of the DEM compiled from InSAR
data revealed that the oval shape is bounded by steep, high
scarps, as is the case in the Theron Mountains. According
to Brook (1972) and Marsh (1985), the Theron Mountains
are composed of horizontally bedded sedimentary rocks in-
truded by dolerite sills up to 200 m thick. In terms of the
266 K. KOIKE et al.: TEMPORAL CHANGES IN CREVASSES IN COATS LAND THROUGH SAR DATA ANALYSIS
Fig. 12. Amount of increase in crevasse area between two images, S, compared with T over the same interval. The acquisition dates of the SAR
data and the year employed in selecting T for the five SAR pairs are provided in Table 2.
Fig. 13. Interpretation of a subglacial fault (dashed line) transecting the study area, extending from the end of the feather-shaped feature to the far side
of the oval feature.
upper stream of the northern tributary of the Slessor Glacier,
Shepherd et al. (2006) proposed that the highland area is
underlain by a Jurassic dolerite sill (Ferrar sill), the same
sill with the Theron Mountains, based on forward and in-
verse modeling of airborne magnetic data. In addition, the
Theron Mountains are height of some 760 m (Leat et al.,
2006), which coincides roughly with the elevation of the
oval feature (Fig. 6).
Considering the similarities in shape and elevation, close
proximity to the Theron Mountains, the location in the same
magmatic province, and the continuity of the Ferrar sill, the
oval feature is likely to be composed mainly of the same
sill and sedimentary rocks as those found in the mountains.
According to this interpretation, the oval feature was orig-
inally directly connected to the Theron Mountains, but be-
came separated due to erosion associated with glacier flow.
The end of the feather-shaped feature is easily fractured,
as demonstrated by the occurrence of closely spaced thin
K. KOIKE et al.: TEMPORAL CHANGES IN CREVASSES IN COATS LAND THROUGH SAR DATA ANALYSIS 267
crevasses and the formation of new, large crevasses, as ob-
served in SAR images (Fig. 7). This crevasse zone ap-
pears to be connected to the far side of the oval feature
(Fig. 13), because enlargement of the images reveals that
the white zone in the eastern side of the oval feature is also
likely an assemblage of crevasses parallel to each other and
to the broken line. Shepherd et al. (2006) reported sev-
eral magnetic lineaments oriented near-perpendicular to the
tributaries of the Slessor Glacier, which they interpreted as
faults. The orientations of these lineaments are similar to
those of crevasse zones that are laterally continuous with
the lineaments. One explanation of these observations is
that the presence of a fault, and its influence on the sub-
glacial topography, leads to the initiation of ice fractures
and a subsequent concentration of crevasses.
5. Conclusion
Based on 10 SAR intensity images of ERS-1/2 AMI (6
acquisition dates from October 1991 to August 2000), tem-
poral changes in crevasse patterns and their downglacier
motion were analyzed in detail for the middle part of the
northern tributary of the Slessor Glacier in East Antarctica,
over an area of 60×60 km. This area contains an oval topo-
graphic feature that is 60 km along its long axis and 30 km
along its short axis, and a feather-shaped feature that marks
a zone of concentrated crevasses. The main results of this
analysis are summarized as follows:
(1) Analysis of interferometric SAR data revealed that the
oval feature is surrounded by a steep scarp of about
500 m in height to the west and 300 m in height to the
east, and the valley in which the feather-shaped feature
is located is surrounded by high scarps on both sides.
(2) In comparing manual and automatic methods for de-
termining the threshold to be employed in extracting
crevasses from SAR intensity images by binarization,
the manual method was found to be more effective in
extracting crevasses that are thin, closely distributed,
and show variable DN values according to the degree
of fracturing. The size of crevasse areas has increased
over time at the end of the feather-shaped feature and
at the tip of the oval feature, although the magnitude
of increase is 3.6 times greater on the average at the
feather-shaped feature.
(3) The most rapid increase in wintertime temperature
within a 2-week period shows a correlation with the
observed increase in crevasse area which was approxi-
mated by an exponential function. One explanation of
this finding is rapid softening of the ice body. This in-
dicates that a rapid increase in wintertime temperature
leads to accelerated crevasse generation and extension.
(4) Considering the similarity in shape and close proxim-
ity to the Theron Mountains, the oval feature is thought
to be composed mainly of a Jurassic sill and sedimen-
tary rocks, as with the Theron Mountains. The occur-
rence of a fault in the subglacial topography may have
led to the initiation of ice fractures and a subsequent
concentration of crevasses at the end of the feather-
shaped feature. Consequently, the fault may be sensi-
tively related with the generation of crevasses.
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